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INTRO DUCT I ON 
The main purpose of this thesis project was to design an eye 
refractometer to be used as a screening device for determination 
of refractive error. We used the Badal optometer principle consis-
ting of an array of point light sources from a tungsten light source 
projected onto a schematic eye to estimate the ametropia of the eye. 
Ji polaroid camera was used as a photoflash device for taking pic­
tures of the eye • .  With the picture we were able to distinguish 
the projected point light source images and from the spatial dis­
tribution of the sources we were able to estimate the sphere equi-
valent refraction within 0.5 Diopters. 
LITERATURE REVIEW 
Many objective eye refractometers have been developed in the 
past, but through the various designs similar control problems have 
continued • .  
Unlike retinoscopy and optometers which require much subjec-
1 tivity in measurement, the Ophthalmetron was the first truly patient 
and examiner objective device .. The Ophthalmetron is based on ret­
inoscopy principles and produces a sine-curve record of the neu-
trality points as it sweeps the meridia of the eye. Unskilled 
personnel can run the instrument, freeing the Optometrist from rou­
tine procedures. The instrument is very fast, meaouring the error 
in all meridia in about three seconds. It is also stable, due to 
solid state circuitry rarely requiring calibration, and a charac­
teristic graph is printed out. Therefore, if the patient blinks, 
accommodates, or shifts fixation this will be detected on the graph. 
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A newer instrument, the Dioptron2, utilizes a lensometer (image 
analysis) principle and prints a digital record in standard ophthal­
mic notation. The target is viewed binocularly to maintain para­
llelism of the visual axes, reducing instrument accommodation. This 
device also computes a confidence factor based on measurement var­
iations during the test period such as patient movement, fixation 
changes, or changes in accommodation. Measurements can be made over 
a wide range of refractive errors and pupil sizes. 
The 6600 Autorefractor4 has also recently been put into large 
scale use and utilizes the coincidence Scheiner principle. It dis­
plays a digital record of the refraction which can be converted to 
standard notation. 
Two photographic methods for refracting have recently been 
described. Howland5 uses a special camera lens with cylindrical 
components to photograph the retinoscopic image of a point source 
of light. By measuring the amount of blur of the photographed 
image, the degree of ametropia can be estimated. 
Grolman5 uses a photographic system capable of more exact 
measurements. He uses an array of point sources of light spaced 
at different dioptric distances from the patient's eye. Each end 
of a separate fiber optics bundle is conjugate to each point source 
of light and receives the image of that point source as reflected 
from the patient;s fundus. All the images are recorded on a strip 
of Polaroid film. The refractive error is determined by judging 
which image is sharpest • •  Astigmatism is measured by identifying 
the orientations of the two sharpest ellipses in the photographed 
images. A. single flash exposure makes this a quick technique. 
Another Howland6 design allowed photographs of both eyes 
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at the same time. His approach was to have the person focus at a 
camera one to two meters away and then take a series of photos .. 
Six photos were taken to make sure astigmatism was detected. There 
were some problems, however. The photos needed to be processed in 
a lab which required time and also had problems getting enough mag­
nification to analyze the photos. 
Other eye refractometers, such as the Topcon, Rodenstock, and 
Hartinger, have been developed and each is capable of measuring a 
wide range of refractive errors, including astigmatism, However, 
these instruments are exa�iner subjective, since they require the 
judgment of the examiner for ametropia estimation. 
The advantages and disadvantages of each of these instruments 
are numerous. With most of the devices a qualified, trained office 
assistant can do the work, leaving the Optometrist for more cru­
cial matters such as consultation. In many private optometric 
practices these instruments will definitely save time, increase the 
patient load, and facilitate handling of difficult cases, such as 
the aphakic patient and the high ametrope. 
However, despite the praise and glowing testimonials cited 
for each instrument by its individual manufacturer, many problem 
areas still remain. The endpoint given by the refractometer may 
not allow the best visual acuity for the patient as compared to 
the subjective examination." In all the instruments the pupil of 
the test eye must be sufficiently large (at least 2.5mm) to sup­
ply adequate radiant energy to the final image that is processed 
by the refract0meter or the examiner (in the case of a non-auto­
matic device). Another major problem with many of the instru-
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ments is the tendency to accommodate due to the proximal effect, 
even though the targets are brought into focus from the plus po­
sition. J\lso, occasionally there will be functional breakdown 
of the instruments and they are very expensive, the average cost 
of instruments such as the 6600 J\utorefractor and .Dioptron being 
over $20,000., Distracting noise in the instruments is also a 
current problem. 
PURPOSE OF THIS RESEARCH 
In view of various disadvantages of the above-described 
refractometers, including the high price of the automated ones, 
our objective is to devise a fairly accurate (±0.50D) eye refrac­
tometer at a nominal cost that can be used as a routine screening 
device • .  , This should be useful when large numbers of patients have 
to be seen in a short period of time. 
DESCRIPTION 01'' APPARATUS AND EXPERIMENTAL DESIGN 
Our apparatus is very similar to the Grolman photographic 
system, except that we used the Badal optometer approach. The ad­
vantages of the Badal system are its linear characteristics and 
constancy of image size with object distance. 
There are two different systems in the instrument. The first 
system consists of the test objects., A tungsten light source 
supplies 500 f c to the light pipes in order to illuminate the test 
objects. A collimating lens attached to the light source is used 
to make the light from the filament parallel and to direct as 
much light toward the eye as possible. fi +5.50D (Badal) lens 
is placed one focal length away from the eye's entrance pupil. 
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The light travels through an array of five light pipes, located 
between the t5.50D lens and the light source (Figure 1), Each 
of these pipes is approximately 3/4 degrees away from the other 
and their ends act approximately as point objects representing 
several ametropic farpoint vergences, ranging from -2. OOD through 
plano to t2,00D. The ends of the pipes are at different distan­
ces from the eye with 3.Zcm along the axis representing lD • • 
IJ.'he second system is the photographic system consisting of 
a camera set for infinity, placed approx:imat ely one foot from the 
eye. The camera is placed at right angles to and in front of the 
patient with a beamsplitter placed between the eye and Badal lens 
so that light from the test objects can enter the eye, 
Each of the point objects is illuminated by the tungsten 
source and by noting which image is sharpest on the photograph 
of the fundus, the ametropia of the eye is estimated., 
J.\ schematic eye (S. E.) with a 5 to 6 mm pupil diameter is used 
to test the apparatus. The S .E. is set at several levels of ametro­
pia using a micrometer setting device with .090 inches equating 
with 1D of ametropia .. This was reaffirmed with a Topcon eye re­
fractometer, .t!t each level of ametropia a photograph was taken 
of the fundus images of the test objects. The levels of ametropia 
were eoually spaced in 0.50D intervals within the range from -2.00D 
to +2. OOD. 
A procedure was developed for analyzing the photographic in­
formation in such a way that experimenter bias was minimized. As · 
each photo was taken various data such as refractive error and 
micrometer setting were written on the back of the photo., Then 
each experimenter was to pick his interpretation of the least 
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blurred ima.ge, which would represent the ametropic value of that 
particular photo. This was done for each series of photos taken. 
SPECIFIC EXPERIMENTl\L SET-UP 
The apparatus consisted of an optical bench which contained 
the schematic eye-micrometer setting unit at one end, followed 
consecutively by a beamsplitter, the Badal lens, the light pipes 
platform, and the collimated light source .. The camera was not at­
tached to the optical bench but was secured to a separate bench ad­
jacent to the beamsplitter. The light pipe platform consisted of 
five different luminous objects representing five different ver­
gences to the eye in 1D intervals, each represented by a cardboard 
upright. , The upright closest to the Badal lens represented the 
-2 .00D ametropic error and the one farthest away represented the 
t2. 00D error. 1mm holes were punched in the cardboard by a hole 
punch to give uniformity. For the -2. 00D, -1.00, and plano errors, 
light tubes consisting of aluminum foil were used to equalize the 
flux density of all the light guides. (See photos,) 
EXPERIMENTAL DESIGN CHANGES 
Certain changes were made in the apparatus as the project 
progressed. These are listed below. 
1 • .  We started with a simple incandescent bulb light source 
but switched to a tungsten light filament. 
2. We had to change the width of the angle between the holes 
from approximately 1.5 degrees to J/4 degrees. 
3. Starting out we took pictures from the back and that made 
it necessary to move the platform empirically J.2cm in the myopic 
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direction (towards the Badal lens). 
4. We took a series of pictures from the back with a calibra­
ted lens and then with a micrometer setting. We didn't take pic­
tures from the front until the back photos were reliable and re­
peatable. 
5. It was found necessary to make more accurately punched 
holes to increase the sensitivity of the system�. 
RESUJJrS AND DISCUSSION 
We took six series of eight photos each: 
Series A,B&C (lens calibrated) Back photos. 
Series D (micrometer setting) Back photos. 
Series E&F (micrometer setting) Front photos. 
From analyzing the series F photos, it was determined we 
indeed got accurate predictions of refractive error within ±o.5on 
sphere. From the magnification of the images in the front photos, 
analysis was done easily with the naked eye and was found to be 
fast and unequivocal. 
To complete this eye refractometer as a screening device for 
people, certain additions will be needed. Accommodative controls 
will be necessary. Suitable accessory lenses can be placed in a 
fixation channel to control accommodation while allowing suff ic­
iently clear vision for steady fixation. The linear differences 
between the five holes of the pattern will further need to be re­
duced. Also, a strobe light hook-up needs to be synchronized with 
the camera. Another possible modification is the use of prisms to 
multiply the number of patterns. These multiple patterns could be 
combined with several accessory lenses of equally spaced powers, 
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located in front of the camera objective. The result would be in­
creased resolution due to an increase in the probability that a clear 
image would appear in one of the patterns on the photograph. This 
system should work for astigmatic errors as well as for spherical 
errors. 
We believe the system outlined in this paper will form the 
basis for a screening device for young children in whom subjective 
methods are unreliable. Although a lens prescription would not be 
written f'rom the photos, the findings should provide a referral 
criterion for a more thorough visual exam when necessary. 
1. 
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